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Intensive insulin therapy requires patients to estimate their carbohydrates and calculate 
their insulin boluses. Thus, Bolus calculation and carbohydrate estimation are two basic 
and essential skills that are considered relevant for achieving good glycemic control. How-
ever, data is missing as to how the performance in these two skills affects glycemic control. 
A linear regression analysis was performed with glycemic control as dependent variable. 
Independent variables of interest were the bolus calculation and carbohydrate estimation 
skills. We assessed the two skills through the recently evaluated SMART-tool that consists 
of 10 items for Bolus calculation and 12 items for carbohydrate estimation. Furthermore, 
demographic (age, gender, years of education) and medical (diabetes type, diabetes du-
ration, body-mass-index, late complications, frequency of SMBG, CSII therapy) variables 
were controlled for. An additional logistic regression analysis was performed with HbA1c 
< 7.5% as categorical dependent variable.
311 patients with type 1 or type 2 diabetes treated with an intensive insulin therapy (MDI, 
CSII) were analyzed. In the linear regression analysis, better Bolus calculation was asso-
ciated with better glycemic control (beta= -0.22, p<.001) while carbohydrate estimation 
was not significant (beta=-0.1, p=.088). In the logistic regression analysis, the chance to 
achieve optimal glycemic control (HbA1c < 7.5%) was significantly increased by 17% (odds 
ratio=1.17, p=.011) with every correct answer in the Bolus calculation scale. Again, carbo-
hydrate estimation was not significant (OR=0.98, p=.79).
The results demonstrated the importance of good Bolus calculation skills within intensive 
insulin therapy. Thus, Bolus calculation skills should be regularly assessed in clinical practi-
ce. Consequently, patients with deficits in Bolus calculation should receive immediate trai-
ning or support e.g. via Bolus calculators. 
A B S T R A C T
• Intensive insulin therapy has proven to be the therapy of choice for people with 
type 1 diabetes and a valid treatment option for people with type 2 diabetes un-
able to achieve good glycemic control by more simple insulin regimens.
• Intensive insulin therapy offers more freedom with regard to timing, the amount 
of carbohydrates (Carbs), and the composition of meals but requires more effort 
from patients to calculate their current insulin demand several times a day as 
well as to estimate the amount of Carbs in a planned meal.
• Subsequently, Bolus calculation and Carb estimation are two essential skills within 
intensive insulin therapy and are considered relevant for achieving good glyce-
mic control. 
• However, little is known how the performance in these two skills affects glyce-
mic control. We assessed the two skills separately and analyzed their association 
with glycemic control. 
I N T R O D U C T I O N
M E T H O D S
Assessment
• The recently validated SMART-tool was used to separately assess Bolus calcula-
tion as well as Carb estimation. It consists of two scales; 10 items for Bolus cal-
culation (Bolus scale; example see Figure 1), 12 items for Carb estimation (Carb 
scale; example see Figure 2).
• Glycemic control was assessed via HbA1c, measured in a central laboratory. Me-
dical and demographic data were retrieved from patient files.
Statistical analyses
• A linear regression analysis was performed with glycemic control as dependent 
variable. 
R E S U L T S
Sample characteristics
• 311 participants with type 1 or type 2 diabetes treated with an intensive insulin 
therapy (MDI, CSII) were analyzed (see Table 1).
• Participants had a mean age of 41.7 (± 15.0) years and mean duration of diabetes 
of 18.2 (± 12.1) years.
• Glycemic control was rather suboptimal with HbA1c = 8.6 % (± 1.8)
• Participants’ scores in the Bolus and Carb scales were rather good:
o Bolus scale (range 0 - 10): 6.7 ± 2.6
o Carb scale (range 0 - 12): 7.4 ± 2.4
Linear regression analysis (see Figure 3)
• Better Bolus calculation was associated with better glycemic control (β = -0.22, p 
< .001).
• Carb estimation was not significantly associated with glycemic control (β = -0.1, 
p = .088). 
Logistic regression analysis (see Figure 4)
• The chance to achieve optimal glycemic control (HbA1c < 7.5%) was significant-
ly increased by 17% (OR = 1.17, 95 % CI 1.04 - 1.33, p=.011) with every correct 
answer in the Bolus scale. 
• Having a higher score in the Carb scale did not significantly increase the chance 
to achieve optimal glycemic control (OR = 0.98, 95 % CI 0.87 - 1.12, p = .79).
• In an univariate analysis, however, patients with optimal glycemic control perfor-
med better on both scales (see Figure 5):
o Bolus scale: 7.6 ± 2.3 vs. 6.3 ± 2.6, t(309) = 3.87, p < .001
o Carb scale: 7.8 ± 2.1 vs. 7.3 ± 2.4, t(309) = 1.97, p =.049
o Independent variables of interest were the Bolus calculation and Carb 
estimation skills.
o The analysis was controlled for demographic (age, gender, years of edu-
cation) and medical (diabetes type, diabetes duration, body-mass-index, 
late complications, frequency of SMBG, CSII therapy) variables.
• An additional logistic regression analysis was performed with HbA1c < 7.5% as 
categorical dependent variable.
o Independent variables, demographic, and medical variables were the 
same as in the linear regression analysis.
D I S C U S S I O N
• The results corroborated the clinical notion that Bolus calculation is important 
for achieving good glycemic control. The analyses showed that with better Bolus 
calculation optimal glycemic control becomes more likely (and vice versa). 
•  The results regarding Carb estimation are rather intriguing and unexpected. Carb 
estimation is the first step in calculating prandial insulin boluses. Thus, an inaccu-
rate estimation will lead to an incorrect bolus. However, in the multivariate ana-
lysis the effect of Carb estimation on glycemic control could have been oversha-
dowed by the effect of Bolus calculation (cf. univariate analysis).
•  In order to monitor a driving factor of glycemic control, Bolus calculation should 
be regularly assessed in clinical practice. Consequently, patients with deficits in 
bolus calculation should receive immediate training or support e.g. via bolus cal-
culators.
Table 1:   Sample Characteristics
Figure 5: Differences in the SMART Bolus- and Carb-Scale for patients with optimal vs. suboptimal 
glycemic control
Figure 4:  Logistic regression with HbA1c < 7.5% as categorical variable and Bolus calculation and 
Carb estimation as independent variables of interest. * p < .05
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Figure 1:  Example of an item of the Bolus scale
Figure 3:  Linear regression on HbA1c with Bolus calculation and Carb estimation as independent 
variables of interest. * p < .05
Figure 2:  Example of an item of the Carb scale
